PCX WORLD INTELLECTUAL PROPERTY ORGANIZATION 

Internationa! Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(51) International Patent Classification 6 : 
G01N 27/406, 27/407 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98/13686 

2 April 1998 (02.04,98) 



(21) International Application Number: PCT/ US 97/ 1 600 1 

(22) International Filing Date: 10 September 1997 (10.09.97) 



(30) Priority Data: 

08/7 19 J 27 



24 September 1996 (24.09.96) US 



(71) Applicant: ROSEMOUNT ANALYTICAL INC. [US/US]; 600 

South Harbor Boulevard, La Habra, CA 90631-6193 (US). 

(72) Inventors: O'NEILL, Michael. G.; 4539 E. Messner Road, 

Wooster, OH 44691-9469 (US). MUZZY, Joel, P.; 1531 
Arthur Drive. Wooster, OH 44691-1535 (US). ESTVAN- 
DER, Michael, T.; 250 Summit Street, Wadsworth OH 
44281-2271 (US). 

(74) Agents: WESTMAN, Nickolas, E. et al.; Westman, Champlin 
& Kelly, P. A.. International Centre, Suite 1600, 900 Second 
Avenue South, Minneapolis, MN 55402-3319 (US). 



(81) Designated States: DE, GB, JP, European patent (AT. BE, CH f 
DE, DK. ES. Ff, FR, GB, GR, IE. IT. LU. MC. NL. PT 
SE). 



Published 

With international search report. 



(54) Title: SOLID ELECTROLYTE GAS ANALYZER WITH IMPROVED CIRCUIT AND HOUSING CONFIGURATION 




54b 



(57) Abstract 



for im lln T ^ gas analyzer (40) includes an analyzer circuit (50) housed in an electronics housing (48) and a probe housing (42) 
for mmersion m the gas of interest. T^e electronics housing (48) mounts directly to the probe housing (42). preferably through a standoff 

^'^^^ (5 ° lS ^ WC ^n* n ^ C linC inpUt 8nd inClUdCS 3 SWi * hin e P° Wcr »«PP>y (84)Vo P convcrt L ACHne i put to 
DC power useable by the analyzer circu.t (50). The analyzer circuit (50) also includes a heater circuit (92) controlling a heater (66) in the 

Shin? 51 "' ( } * ? C ,*T C ; fi SUPP y (84) lhC hC3tCr drCUit (92) automatica "y «Ij U st to different AC line inpuf voffleve Is "fE 
switching power supply (84) efficiently supplies DC power to other portions of the analyzer circuit (50) with little heat generation 



BN8DOCID: <WO_»1388flA1JU> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Ixtotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


CA 


Gabon 


LV 


Lai via 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


Gil 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HI) 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Braxil 


1L 


Israel 


MR 


Mauritania 


UC 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


us 


United St aits of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


tiz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Norn 


cc 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyutan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d*l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






UK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







OOC1D: <WO 96136eflA1JL> 



10 



WO 98/13686 PCT/US97/16001 

-1 - 

SOLID ELECTROLYTE GAS ANALYZER WITH 
IMPROVED CIRCUIT AND HOUSING CONFIGURATION 

BACKGROUND O F THE TMVENTTON 
The present invention relates generally to the 
5 segment of the field of gas analysis instrumentation 
that involves the use of solid electrolyte cells to 
measure gaseous species. More specifically, the 
invention relates to a novel housing configuration and 
electronic circuitry for use with a heated solid 
electrolyte cell. As used herein, the term solid 
electrolyte cell means a quantity of the solid 
electrolyte, for example zirconia-yttria ( (2r0 2 ) (l . x) 
(Y 2 O a )J, and porous electrical contacts or electrodes 
connected thereto, usually made of platinum or other 
15 suitable materials. 

Gas analyzers having a probe with a solid 
electrolyte cell to measure gaseous oxygen are well 
known. See, for example, U.S. Pat. Nos . 3,400,054 and 
3,928,161, incorporated herein by reference. Another 
example is the World Class 3000 Oxygen Analyzer sold by 
Rosemount Analytical Inc. of Orrville, Ohio, available 
with replacement cells under part no. 4847B61G01/02/03 . 
A common application for such analyzers is the 
measurement of gaseous oxygen in a flue or duct such as 
25 a smokestack. At a given elevated temperature, the 
solid electrolyte cell generates an EMF V cell as a 
function of the concentration of oxygen (or other 
gaseous specie) exposed to the cell. v ccll can be 
approximated by the Nernst equation: 

V cell = C + S^logfPto^/pfOj)^}, 
where C is a cell constant, S is a cell slope which is 
a function of cell temperature T, and P(o 2 ) and P (0 2 ) ^ 
are the oxygen partial pressure at a measurement a^ 
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reference end, respectively, of the solid electrolyte 
cell. Actual solid electrolyte cells deviate from the 
Nernst equation to some extent. 

It is also known for such analyzers to include 
analog or digital electronic circuitry in a housing 
separate from the probe that measures V cell and provides 
an analyzer output indicative of the gaseous species 
concentration. The probe is configured with a heater 
and thermocouple, controlled by circuitry in the 
separate housing, to maintain the solid electrolyte cell 
at a constant elevated temperature (e.g., 750 C) . 

An object of the invention is to provide a 
compact, rugged, low-cost housing for *a solid 
electrolyte gas analyzer. The housing should simplify 
installation and provide structural integrity for the 
analyzer, while maintaining the analyzer circuit at an 
acceptable operating temperature. 

Another object of the invention is to reduce 
the size and heat dissipation of the analyzer circuit to 
permit such circuit to be housed in a compact and 
relatively high temperature compartment. 

Still another object of the invention is to 
provide a heater circuit and preferably a complete 
analyzer circuit capable of receiving different AC line 
25 input voltages (e.g., 120VAC and 240VAC) and self- 
adjusting for such different AC inputs so as to maintain 
the heater and solid electrolyte cell at a specified 
temperature . 

Other objects of the invention will become 
apparent from the detailed description of the invention 
and the accompanying drawings. 

SUMMARY OR THE T NVENT I OM 
According to one aspect of the invention, an 
assembly for mounting a solid electrolyte cell that 
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provides an output as a function of a gas of interest, 
and an analyzer circuit therefor, includes a probe 
housing, an electronics housing, and the analyzer 
circuit. The analyzer circuit is couplable to the solid 
electrolyte cell and carried by the electronics housing. 
The probe housing has a distal end and a proximal end, 
the distal end being sized to carry the cell. 
Advantageously, the electronics housing mounts to the 
proximal end of the probe housing. m a preferred 
embodiment the assembly also includes a standoff with 
cooling fins connecting the electronics housing to the 
probe housing. m another preferred embodiment the 
analyzer circuit includes a switching power supply to 
supply DC power to portions of the analyzer circuit. 

According to another aspect of the invention, 
an analyzer circuit for a heated solid electrolyte cell 
is powered by an AC line input and includes a heater 
circuit. The heater circuit includes a selectable 
circuit element having a state that is controlled 
automatically by the analyzer circuit as a function of 
a voltage level of the AC line input. In a preferred 
embodiment the selectable circuit element is a capacitor 
in a delay circuit portion of the heater circuit, and 
the analyzer circuit decouples the capacitor from the 
heater circuit for low voltage AC line inputs and 
couples the capacitor for high voltage AC line inputs. 

According to still another aspect of the 
invention, an apparatus measuring a gas constituent in 
a gas of interest includes a probe adapted for immersion 
in the gas of interest and an analyzer circuit coupled 
to the probe. The analyzer circuit includes a power 
supply receiving an AC line input and providing a DC 
output to other portions of the analyzer circuit. The 
power supply includes a transformer having a primary 
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winding and a secondary winding, and a switching 
regulator coupled to the primary winding. The DC output 
is provided over the secondary winding. Preferably, the 
switching regulator couples in series to the primary 
winding and switches at a frequency greater than about 
50 kHz. 

BRIEF D ESCRIPTION OF THE DRAWINGS 
Figure 1 shows a PRIOR ART gas analyzer setup 
with the analyzer probe installed in a duct or flue. 

Figure 2 is an elevational view partially in 
section of a PRIOR ART gas analyzer probe. 

Figures 3a and 3b are perspective and 
elevational views, respectively, of a gas analyzer of 
the present invention, with the view of Figure 3b being 
15 partially broken away. 

Figure 4 is a block diagrammatic schematic of 
analyzer circuitry of a preferred embodiment. 

Figure 5 is a schematic of a preferred 
embodiment of analyzer circuitry including a high 
20 efficiency switching power supply and a self-adjusting 
cell heater circuit. 

Figures 6a and 6b are waveforms associated 
with the heater circuit of Figure 5. 

For convenience, items in the figures having 
25 the same reference symbol are the same or serve the same 
or a similar function. 

DETAILED PES CR T PT T ON OF THE PREFERRED EMBOD T MRWTfi 

In Figure 1, a PRIOR ART solid electrolyte gas 
analyzer 2 is installed in a flue or duct 4 and measures 
3 0 a gas of interest in the duct. Analyzer 2 includes an 
analyzer probe 6 having a distal end 6a which inserts 
into the duct and a proximal end 6b which extends out of 
the duct. Duct 4 and its immediate vicinity can reach 
temperatures unsuitable for many electronic components. 
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Therefore, analyzer 2 also includes an electronics 
package 8 mounted in a separate (cooler) location from 
the probe and connected thereto by an electrical cable 
10. A solid electrolyte cell (not shown in Figure 1) 
5 mounts in the distal end 6a of probe 6 with one side of 
the cell exposed to duct air and another side exposed to 
reference air. The cell generates an output V cell as a 
function of the temperature of the cell and of the 
difference in partial pressure of oxygen (P(o 2 ) ) between 
10 the two sides of the cell. Reference gas is 

continuously supplied to the probe 6 by a pneumatic line 
12 US1 ng a flow controller 14 and a pressure regulator 
16. Another pneumatic line 18 leads to the side of the 
cell exposed to duct air and is normally closed except 
during a calibration procedure, when gasses of known 
P(O z ) are sequentially pumped through line 18 to expose 
the duct air side of the cell to the known calibration 
gasses . 

The PRIOR ART analyzer 2 includes a junction 
box 20 at the proximal end 6b of the probe 6. Junction 
box 20 includes fittings for pneumatic lines 12,18 and 
a terminal block to connect wires from electrical cable 
10 to corresponding wires running along the interior of 
probe 6. cable 10 carries electrical power from 
electronics package 8 to a cell heater inside probe 6 
and transmits the cell output V cell and a thermocouple 
output from probe 6 to package 8. Although cable 10 
includes electrical shielding, the signals it transmits 
(particularly the low level signals from the cell and 
thermocouple) are nevertheless subject to EMI noise and 
degradation. Electronics package 8 provides an analyzer 
output indicative of the duct air P(o 2 ) to a remote site 
(not shown) on a cable 22 in a 4-20 mA format or other 
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standard format. The remote site also powers package 8 
with AC line input over cable 22. 

An elevational view, partially in section, of 
the PRIOR ART analyzer probe 6 of Figure 1 is shown in 
5 Figure 2. The solid electrolyte cell is disposed inside 
a cell heater 24 at distal end 6a. A thermocouple is 
disposed proximate heater 24 . The probe includes a 
ceramic filter 26 to prevent particulate matter from 
contacting the cell while permitting passage of oxygen. 
10 A shield 28 protects filter 26 from damage due to debris 
entrained in the flue gas. A tubular member 30 holds 
the cell heater 24 and cell at one end and the junction 
box 20 connects to the other end by screws. Junction 
box 20 includes an access door 20a, terminal block 20b, 
15 and ports for pneumatic tubing access and electrical 
wiring access. A mounting flange 32 connected to 
tubular member 3 0 defines the placement of the probe 6 
on the wall of a flue. 

A solid electrolyte analyzer 40 constructed in 
20 accordance with one aspect of the present invention is 
shown in Figures 3a and 3b. Analyzer 40 comprises an 
analyzer probe 42 having a distal end 42a., a proximal 
end 42b, and a mounting flange 44 affixed therebetween 
to a tubular member 46. Analyzer circuit 50 (see Figure 
25 4) is housed in a can 48 that mounts to the probe 42 at 
the proximal end 42b through a standoff 52. The result 
is a combined analyzer/probe having reduced installation 
costs compared to present day analyzers which require a 
separate mounting site for the analyzer circuit and an 
30 interconnecting cable. Further, corruption of the 
outputs from the cell and thermocouple (both mounted in 
distal end 42a) is minimized by keeping the length of 
the interconnecting wires short and shielding them with 
the analyzer housing comprising the tubular member 46, 
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can 46, and standoff 52, all of which are preferably 
metallic . 

Standoff 52 helps the analyzer circuit 50 
survive the high temperatures near the flue by 
distancing electronics can 48 from the flue. Standoff 
52 also functions as a heat sink between tubular member 
46 and can 48 by virtue of cooling fins or ridges 52a on 
its outer surfaces to dissipate heat to surrounding 
ambient air. The wall thickness of tubular member 46 is 
reduced between flange 44 and standoff 52 to reduce heat 
conduction along the tubular member. The wall thickness 
can be reduced by removing material from the outside 
diameter of tube 46 as shown in Figure 3b or from the 
inside diameter or both. 
15 Standoff 52 has a face 52b that carries 

pneumatic fittings 54a, 54b, 54c used for the introduction 
of reference gas, calibration gas, and for a vent. By 
placing fittings 54a, 54b, 54c on standoff 52, the 
pneumatic and electrical connections are divided between 
standoff 52 and electrical can 48. This separation 
simplifies operation and serviceability of analyzer 4 0 
by permitting pneumatic connections to be serviced 
independent of the electrical connections and vice 
versa. Standoff 52 has a round end 52c and a square end 
52d to adapt a square base 48a of can 48 to the tubular 
member 4 6 which is round. 

Electronics can 48 is preferably divided into 
two chambers 48b,48c by a wall 48d. Ports 48e,48f open 
to chamber 4 8b and preferably face in the same direction 
as pneumatic fittings 54a, 54b, 54c. Both are preferably 
oriented downward to avoid accumulation of water or 
other liquids. Chamber 48b holds a terminal block 48g 
which communicates with analyzer circuit 50 disposed in 
chamber 48c by electrical feedthroughs in wall 48d 
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Screw-on covers 48h,48i permit access to chambers 
48b, 48c, respectively. 

Figure 4 shows a block diagram of the 
preferred analyzer circuit 50. Circuit 50 is energized 
5 by AC line input provided across lines 76a, 76b by a 
remote source that couples to electronics can 48 via one 
of ports 48e,48f . Circuit 50 controls a cell heater 66, 
monitors the cell output V cell from a solid electrolyte 
cell 60 and the cell/heater temperature T from a 
10 thermocouple 68, and communicates a parameter indicative 
of P(O a ) over lines 78a, 78b to a meter 80 or 
communicator 82 which can also be remote from 
electronics can 48. Communicator 82 can also send 
commands and other signals to circuit 50, preferably 
15 using HART® or fieldbus protocol over lines 78a, 78b. 

To provide low voltage DC power to its various 
circuit components, circuit 50 uses a switching power 
supply 84 coupled to lines 76a, 76b through a rectifier 
86. Use of switching power supply 84 rather than a 
standard transformer-rectifier circuit increases AC to 
DC conversion efficiency, resulting in substantially 
reduced heat dissipation. This is particularly 

advantageous where the electronics can 4 8 mounts to the 
analyzer probe 42 (with or without standoff 52), with 
25 overheating of the analyzer electronics being a concern. 
Switching power supply 84 operating at high switching 
speeds, preferably above about 50 kHz, permits the use 
of a transformer with a greatly reduced size and weight 
compared to transformers designed for typical line 
3 0 frequencies of 50 to 6 0 Hz. Switching power supply 84 
further is self-adjusting to AC line input voltage. 
I.e., power supply 84 supplies the same low voltage DC 
power whether the line voltage is low (e.g., 85-120 VAC) 
or high (e.g., 200-264 VAC). 
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Also coupled across lines 763,76b in parallel 
with rectifier 86 are a zero crossing detector 88, a 
relay 90, and a series combination of a heater circuit 
92 with the cell heater 66. A controller 94 turns 
heater circuit 92 on or off over line 96 according to a 
proportional-integral-derivative (PID) or other suitable 
algorithm to maintain thermocouple 68 at a specified 
temperature. According to an aspect of the invention 
the heater circuit 92, like the power supply circuit, 
self -adjusts to the AC line input used. r.elay 90 
controls selectable circuit component in heater circuit 
92 over a line 98 in response to the AC voltage level. 
The single analyzer circuit 50 is thereby useable with 
different AC line input voltages, resulting in reduced 
inventory for end users working with multiple line 
voltages, and reduced cost for the manufacturer by 
reducing overall part count and simplifying ordering. 

The relay . 90 can also control an impedance of 
the zero crossing detector 88 over a line 100 in 
response to the AC voltage level. Zero crossing 
detector 88 communicates zero crossings of the AC line 
input to controller 94 over line 102. Controller 94 
uses such zero crossing signals to control heater 
circuit 92 such that positive and negative current is 
applied equally to cell heater 66 . The resulting zero 
net DC current minimizes degradation of cell heater 66 
caused by electroplating. 

Analyzer circuit 50 further includes a 
measurement circuit 104 which receives the output of 
cell 60 over a line 106, thermocouple 68 over a line 
108, and a local temperature sensor 110 monitoring the 
temperature inside can 48 over a line 112. These 
outputs are communicated to controller 94 over a line 
114. Controller 94 uses the sensor 110 output as an 
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indication of cold junction temperature to correct the 
raw EMF output from thermocouple 68 in calculating cell 
temperature T. Controller 94 can preferably command 
measurement circuit 104 over a line 116 to perform a 
5 diagnostic check of cell 60 over line 106a while the 
cell 60 is in situ, i.e., fully installed in the flue 
and exposed to flue gas. The diagnostic check 
preferably measures the impedance Z of cell 60 at one or 
more selected frequencies, and this value is 
10 communicated to controller 94 over line 114. For 
details on the diagnostic method and apparatus see the 
co-pending application entitled "Diagnostic Method and 
Apparatus For Solid Electrolyte Gas Analyzer", 
referenced above. 

15 Controller 94 communicates with a non-volatile 

memory circuit 118, a clock circuit 120, and a 
communications circuit 122 over lines 118a, 118b, a line 
120a, and lines 122a, 122b respectively. Memory 118 
holds information relating the measured cell output V ceU 

20 and -temperature T to a predicted oxygen content P(0 2 ), 
such as the Nernst equation, as well as preferably 
certain diagnostic information. The controller 94 
regularly monitors cell output and temperature and 
relays the calculated P(0 2 ) as an analyzer output over 

25 lines 78a, 78b. 

Turning now to Figure 5, preferred embodiments 
of previously described rectifier 86, switching power 
supply 84, zero crossing detector 88, relay 90, and 
heater circuit 92 are shown. AC line input from a 
source external to transmitter 4 0 couples across jumpers 
J14,J15 and across jumpers J16,J17. Rectifier 86 
connects across lines 76a, 76b and comprises 4 diodes 
connected in the usual way. Switching power supply 
circuit 84 couples to rectifier 86 over lines 86a, 86b. 
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Circuit 64 includes a switching regulator IC2 , 
preferably model TOP200 available from Power 
Integrations, Inc., Mountain View, California. IC2 has 
a SOURCE, DRAIN, and CONTROL connection as shown and 
includes a variable duty cycle 100 kHz internal 
oscillator and an internal voltage reference. Switching 
regulator IC2 connects the SOURCE connection to the 
DRAIN connection in rapid bursts at its internal 
oscillator frequency, and automatically regulates the 
duty cycle of such bursts as needed until an input at 
the CONTROL connection matches IC2's internal voltage 
reference. By coupling the DRAIN connection to a 
primary winding 214a of a transformer 214 and coupling 
the CONTROL connection to a secondary winding of 
transformer 214 as shown in Figure 13, the result is a 
switching power supply circuit 84 that self -adjusts for 
different AC line input voltages. Preferably 
transformer 214 has at least two and more preferably 
three secondary windings, one of which is used 
exclusively for the switching regulator feedback loop at 
the CONTROL connection and the other two which can 
provide isolated DC voltage levels to power other 
circuit components via jumpers J18,J19 and J20,J21. Due 
to the high frequency operation of switching regulator 
25 IC2, i.e., frequencies above about 1 kHz and preferably 
above 50 kHz, transformer 214 can be much more compact 
and less massive than transformers optimized for low 
frequency operation below about 200 Hz. Further, 
increased efficiencies are achieved at the higher 
frequencies so that less heat is generated by analyzer 
circuit 50 compared with known analyzer circuits that 
use standard AC-to-DC power supplies operating at line 
frequencies of 50-60 Hz. The reduced size, reduced 
weight, and reduced heating of analyzer circuit 50 all 
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facilitate the combined analyzer/probe conf iguracion of 
Figures 3a and 3b by allowing a relatively small 
electronics can- or housing 48 mounted at a relatively 
high temperature location to hold the analyzer 
electronics 50. 

Zero crossing detector 88 also connects across 
lines 76a, 76b as shown in Figure 5. The impedance of 
detector 88 can be adjusted by selectively shunting 
resistors R15,R16 and the opposite to prevent damage to 
an optoisolator 216. Shunting is accomplished by 
jumpers J22,J23 which connect to corresponding jumpers 
at a relay device 218. Jumpers J24,J25 convey a zero 
crossing detector output to controller 94. The output 
on J24,J25 transitions between shunted and open circuit 
at every zero voltage crossing of the AC line input on 
lines 76a, 76b. 

Relay 90 also connects across lines 76a, 76b as 
shown in Figure 5. The circuit elements shown are 
selected such that an AC line input greater than a 
threshold voltage level causes relay device 218 to shunt 
jumpers J26,J27 and isolate jumpers J22,J23. For an AC 
line input less than the threshold level, relay device 
218 relaxes to its default condition where jumpers 
J26,J27 are isolated and jumpers J22,J23 are shunted. 
Preferably the threshold level is between the widely 
used line voltages of 120 VAC and 240 VAC. Jumpers 
J26,J27 connect to corresponding jumpers in heater 
circuit 92. 

Heater circuit 92 connects in series to cell 
heater 66 across the AC line input on jumpers J16,J17. 
Heater circuit 92 conducts an AC current from the AC 
line input through cell heater 66 and through a heater 
control triac 220, which is controlled by a gate current 
in line 222. Such gate current, and triac 220, are 
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disabled when a control signal from controller 94 on a 
Dumper j 28 goes HI, thereby causing an optoisolated 
triac driver 224 to become nonconducting. Preferably 
controller 94 uses the output from zero crossing 
detector 88 to generate a signal over jumper J28 that 
enables heater circuit 92 only during an integer number 
of full cycles of the AC line input. Such control 
combined with making triac 220 conduct offsetting 
currents for consecutive half cycles, ensures no net 
current flow through cell heater 66. thereby avoiding 
electroplating problems associated with DC control of 
solid electrolyte cell heaters. when controller 94 
causes triac driver 224 to conduct, a f irst timing 
capacitor C3 charges through a series resistor R17 
15 during a f irst AC half -cycle. After a delay time Tl 
governed by R17-C3, the potential at a node 226 is 
sufficiently high to cause a silicon bilateral switch 
228 to conduct current along line 222, thereby 
activating triac 220 and energizing cell heater 66 for 
the remainder of the first AC half-cycle at the end of 
which the polarity changes and bilateral switch 228 
becomes nonconducting. During the next AC half-cycle 
timing capacitor C3 again charges through resistor R17 
and after the delay time Tl again causes bilateral 
switch 228 to conduct for the remainder of the second 
half -cycle . 

According to an aspect of the invention heater 
circuit 92 includes a selectable circuit element such as 
a second timing capacitor C4 that couples in parallel 
with capacitor C3 via jumpers J26,J27 controlled by 
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relay device 218 in response to the AC line input 
voltage. Thus for a line input of 120 VAC, relay device 
218 is m its default condition, C4 is isolated from C3 
and delay time r, applies for both half -cycles. For a 
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higher line input of 240 VAC, relay device 218 
activated, C4 is in parallel with C3 , and a longer delay 
time t 2 governed by R17#(C3+C4) applies for both half- 
cycles . 

The voltage-versus- time waveforms of Figures 
6a and 6b aid in understanding heater circuit 92. In 
Figure 6a a low voltage AC line input such as 85-120 
VAC, 60 Hz is used and relay 90 is not activated. In 
Figure 6b a high voltage AC line input such as -24 0 VAC, 
60 Hz is used and relay 90 is activated. Waveforms 230 
and 232 represent the AC line input across jumpers 
J16,J17 (as well as across J14,J15) . Waveforms 234 and 
236 represent the voltage across cell heater 66 for the 
low and high voltage AC inputs, respectively. Cell 
15 heater 66 typically has an impedance between about 70 
and 80 Q . For the waveforms illustrated, controller 94 
activates heater circuit 92 for the first and third but 
not the second full AC cycle. For each activated full 
cycle, heater circuit 92 applies AC line input to cell 
heater 66 after a predetermined delay for both half- 
cycles. I.e., truncated AC half -cycle signals are 
applied to cell heater 66. The truncation or delay is 
greater for the higher AC input than for the lower AC 
input. Preferably, the delays r 1 and t 2 are selected 
25 such that the RMS power in a full cycle of waveform 234 
is the same as the RMS power in a full cycle of waveform 
236. Such selection of rl and t2 results in consistent, 
stable temperature control at both high and low AC line 
voltages . 

30 Although the present invention has been 

described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
can be made in form and detail without departing from 
the spirit and scope of the invention as defined by the 
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claims appended hereto. The invention pertains to solid 
electrolyte gas analyzers but does not encompass the 
solid electrolyte cell itself, which can have various 
configurations and compositions. 
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WHAT IS CT.ATMED IS: 

1 - assembly for mounting a solid electrolyte 

cell that provides a cell output as a function of a gas 
of interest, and an analyzer circuit therefor, 
comprising : 

a probe housing having a distal end and a 
proximal end, the distal end being sized 
to carry the solid electrolyte cell; and 

an electronics housing mounted to the 
proximal end of the probe housing; and 

the analyzer circuit carried by the 
electronics housing and coupled to the 
solid electrolyte cell to provide an 
analyzer output as a function of the 
cell output. 

2 - The assembly of claim l, further comprising a 
stand off connecting the electronics housing to the 
proximal end of the probe housing wherein the standoff 
preferably having cooling fans and at least one 
pneumatic fitting to direct a gas to or from the solid 
electrolyte cell, and wherein the electronics housing 
preferably has a port for electrical connections to the 
analyzer circuit. 

3 - The assembly of either of claims 1 or 2 , 
wherein the probe housing includes a tubular member 
extending between the distal end and the proximal end of 
the probe housing, the tubular member having a wall 
thickness that is reduced at the proximal end relative 
to the tubular member wall thickness at the distal end. 
4 • The assembly of any one of hte preceding 
claims, wherein the analyzer circuit is adapted to 
receive an AC line input and wherein the analyzer 
circuit further includes a switching power supply to 
supply DC power to portions of the analyzer circuit, 
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preferably where the swtich power supply operates at a 
frequency f s l kHz. 

5 • The assembly of any one of the preceding 

claims, wherein the electronics housing has an internal 
wall dividing an interior of the electronics housing 
into a first and second chamber, the analyzer circuit 
being disposed in the second chamber, the analyzer 
further including a terminal block for electrical 
connections disposed in the first chamber and electrical 
feedthroughs in the internal wall coupling the terminal 
block to the analyzer circuit. 

6 - The assembly of any one of the preceding 

claims, further including a heater disposed in the 
distal end of the probe housing proximate the solid 
electrolyte cell, the analyzer circuit being adapted to 
receive an AC line input and including a heater circuit 
to control the heater, the heater circuit having a self- 
adjustment capability to adapt the heater circuit to AC 
line inputs of different voltage levels. 
7 • In a 9 as analyzer having a solid electrolyte 

cell coupled to an analyzer circuit, the solid 
electrolyte cell providing a cell output as a function 
of a gas of interest and the analyzer circuit providing 
an analyzer output as a function of the cell output, an 
improved mounting arrangement comprising: 

a probe housing having a distal end and a 
proximal end and sized to carry the 
solid electrolyte cell; and 
an electronics housing carrying the analyzer 
circuit; 

wherein the electronics housing mounts to the 
proximal end of the probe housing. 
8 - In a gas analyzer of the type having a solid 

electrolyte cell maintained at an elevated temperature 
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by a heater and providing a cell EMF as a function of a 
gas specie in a gas of interest, an analyzer circuit 
adapted to be powered by an AC line input and coupled to 
the solid electrolyte cell to provide an analyzer output 
as a function of the cell EMF , the analyzer circuit 
comprising: 

a heater circuit coupled to the heater; 
wherein the heater circuit includes a 
selectable circuit element to change an 
amount of electrical power delivered by 
the heater circuit to the heater, the 
analyzer circuit automatically 
controlling the state of the selectable 
circuit element as a function of a 
voltage level of the AC line input. 
9- The analyzer circuit of claim 8, wherein the 

heater circuit includes a delay circuit and a triac 
coupled to the delay circuit, the triac regulating 
electrical current to the heater, the delay circuit 
configured to delay conduction of the triac for a first 
predetermined time after a zero-crossing of the AC line 
input . 

10 ' The analyzer circuit of claim 9, wherein the 

delay circuit includes a first timing capacitor 
associated with the first predetermined time and wherein 
the selectable circuit element comprises a second timing 
capacitor which can delay conduction of the triac for a 
second predetermined time. 

11. The analyzer circuit of claim 8, further 

including a relay coupled to the AC line input and to 
the selectable circuit element, the relay operable to 
decouple the selectable circuit element from the heater 
circuit when the AC line input is at a first voltage 
level and to couple the selectable circuit element to 
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the heater circuit when the AC line input is at a second 
voltage level higher than the first voltage level. 
12. An apparatus to measure a gas constituent in 

a gas of interest, the apparatus including a probe 
adapted for immersion in the gas of interest,' the 
apparatus comprising: 

an analyzer circuit coupled to the probe and 
providing an analyzer output indicative 
of an amount of the gas constituent, the 
analyzer circuit including a power 
supply receiving an AC line input and 
providing a DC output to other portions 
of the analyzer circuit, the power 
supply including: 

a transformer having a primary winding 
and a first secondary winding; and 
a switching regulator coupled to the 
primary winding; 
wherein the power supply provides the DC 
output over the first secondary winding. 
13. The apparatus of claim 12, wherein the 

transformer further has a second secondary winding 
wherein the switching regulator has a control input 
coupled to the second secondary winding, and wherein the 
switching regulator controls current through the primary 
winding such that the DC output is maintained at a DC 
setpoint for a range of AC voltage levels of the AC line 
input . 

14. The apparatus of either of claims 12 or 13 

further including a heater disposed in the probe and 
wherein the analyzer circuit further includes: 

a heater circuit coupled to the heater to 
control the heater, the heater circuit 
having a self -adjustment capability to 



BNSOOOD: <WO 9813«8aA1 _)_> 





WO 98/13686 



PCT/US97/16001 



-20- 



adapt the heater circuit to at least a 
first and second AC voltage level within 
the range of AC voltage levels; 

whereby the apparatus is operable at both the 
first and second AC voltage levels. 

The apparatus of either of claims 12 or 13, 



further including a heater disposed in the probe and 
wherein the analyzer circuit further includes: 



a heater circuit coupled to the heater to 
control the heater, the heater circuit 
having a self -adjustment capability to 
adapt the heater circuit to AC line 
inputs of different voltage levels. 
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